Abstract. The human immunoglobulin lambda-like (IGLL) genes, which are homologous to the human immunoglobulin lambda (IGL) light chain genes, are expressed only in pre-B cells and are involved in B cell development. Three IGLL genes, 14.1, 16.1, and 16.2 are present in humans as opposed to one, )~5 (Igll), found in the mouse. To precisely map the location of the human IGLL genes in relation to each other and to the human IGL gene locus, at 22ql 1.1-2, a somatic cell hybrid panel and pulsed field gel electrophoresis (PFGE) were used. Hybridization with a )~-like genespecific DNA probe to somatic cell hybrids revealed that these genes reside on 22ql 1.2 between the breakpoint cluster region (BCR) and the Ewing sarcoma breakpoint at 22q12 and that gene 16.1 was located distal to genes 14.1 and 16.2. Gene 14.1 was found by PFGE to be proximal to 16.2 by at least 30 kilobases (kb). A 210 kb Not I fragment containing genes 14.1 and 16.2 is adjacent to a 400 kb Not I fragment containing the BCR locus, which is just distal to the IGL-C (IGL constant region) genes. We have determined that thelGLL genes 14.1 and 16.2 are approximately 670 kb and 690 to 830 kb distal, respectively, to the 3'-most IGL-C gene in the IGL gene locus, IGL-C7. We thus show the first physical linkage of the IGL and the IGLL genes, 14.1 and 16.2. We discuss the relevance of methylation patterns and CpG islands to expression, and the evolutionary significance of the IGLL gene duplications. Consistent with the GenBank nomenclature, these human IGLL genes will be referred to as
Introduction
The long ann of chromosome 22 (22q) has been shown to be important in the development of numerous genetic conditions, including chronic myeloid leukemia (CML; Caspersson et al. 1970) , meningioma (Dumanski et al. 1987) , bilateral acoustic neurofibromatosis (Rouleau et al. 1987) , DiGeorge syndrome (de la Chapelle et al. 1981) , and Cat Eye Syndrome (McDermid et al. 1986 ). In addition, 22q contains many important genes, including those genes encoding the immunoglobulin (Ig) lambda (~) light chain, IGL (Goyns et al. 1984) .
Immunoglobulin )~ (Ig)~) light chains comprise approximately 40% of the light chain usage in humans. The )~ light chains may play a major role in autoimmune diseases such as Graves' disease where 17/19 patients (89%) studied used the 9~ light chain for the thyroid stimulating antibody (Zakarija 1983; Knight et al. 1986 ). The IGL genes are also directly involved in chromosomal translocations in approximately 10% of the cases of Burkitt' s lymphomas (de la Chapelle et al. 1983) . The genes encoding the IgL light chains were first assigned to chromosome 22 (Erikson et al. 1981; McBride et al. 1982 ) and later were mapped proximal to the CML translocation (chromosome 9; 22) breakpoint (Goyns et al. 1984) . The CML breakpoint was later shown to interrupt the breakpoint cluster region (BCR) locus (Heisterkamp et al. 1985) . Chang and co-workers (1986) initially identified a new family of Ig)~ light chain genes, the )~-like genes (IGLL), so called because of their high similarity (>85%) to the Ig)~ light chain constant (C) region genes (IGL-C). Two genes were identified, 14.1 and 16.1, which conserved J and CL-like coding regions and were tentatively mapped to chromosome 22. The assignment of these genes was similar to the situation in the mouse, where both the Ig~ (Igl) genes and the ~,-like (Igll) gene, )~5 (Sakaguchi and Melchers 1986) , are found on chromosome 16 (Kudo et al. 1987a ). Recently, Mattei and co-workers (1991) used in situ hybridization to localize the human IGLL genes distal to the CML breakpoint.
The tissue specificity and potential function of an Igll gene was first described in the mouse. The protein product of the mouse )~5 (Igll) gene associates with a V-like protein, Vpre-B, which may be encoded by one of two genes, Vpreb-1 or Vpreb-2 . Vpreb-1 is found 4.6 kb 5' or upstream of Igll, while Vpreb-2 has not been located relative to Igll. Vpreb-1, Vpreb-2, and Igll have not been mapped on the mouse chromosome relative to the )~ light chain locus (IgL). The human Vpreb-1 analogue, VPREB1, has been mapped within the V~ gene complex (IGL-V), proximal to the CML breakpoint and the C)~ (IGL-C) light chain genes (Bauer et al. 1988) . Thus, in contrast to mouse Vpreb-1 and Igll genes, the human VPREB1 gene is distantly located from the human IGLL genes.
Recently, we identified a third IGLL gene, 16.2 (Bauer and Blomberg 1990) , which is transcribed in pre-B cell tissues including fetal liver and fetal liver hybridomas, but not expressed by pre-B cell lines (Bauer and Blomberg, manuscript in preparation) .
Schiff and co-workers (1989) also described the 16.2 gene within a cDNA clone, FM, which they concluded was a pseudogene because it had a one base pair (bp) deletion within the exon 3 region. The 16.2 gene was independently cloned and identified in our lab and was named 16.2 in keeping with the nomenclature first used by Chang and co-workers (1986) , whereby gene 16.2 also resides on an approximately 16 kb Eco RI fragment which differs from that of gene 16.1. As the in situ hybridization study by Mattei and co-workers (1991) did not differentiate between the three IGLL genes 14. 1, 16.1, and 16.2 , it was unclear as to the organization and location of these three IGLL genes. We therefore first wished to determine the location of all three IGLL genes in relation to the IGL genes, using a panel of previously characterized somatic cell hybrids with a L-like gene-specific probe, and to determine whether all three IGLL genes were located distal to the CML breakpoint (Goyns et al. 1984 ) and proximal to the Ewing Sarcoma (ES) breakpoint ). In addition, we wished to use one cell line, RAJ5BE, to map more precisely the three IGLL genes. This portion of our work also independently confirms the somatic cell mapping of the IGLL genes performed concurrently by Bossy and co-workers (1991 
Materials and methods
Human cosmid clones Hu~,17 and HuLl8. Two human cosmid clones, HuM7 and HUM8, were isolated in a manner similar to that previously described (Udey and Blomberg 1987) . Briefly, a cosmid library had been constructed from a partial Mbo I digestion of DNA isolated from peripheral blood lymphocytes and cloned into the Barn HI-digested cosmid vector PJB8. Clones were picked based on hybridization to a mouse CM (Igl-C1) DNA probe and further characterized on Southern blots. Restriction maps of the cosmid clones were created through single and double digestions of cosmid DNA using various restriction enzymes.
DNA probes. The IGLL gene-specific DNA probe (LL) is a 0.7 kb Nco I fragment isolated from cosmid Hu)~17 (Fig. 1 A) . This DNA probe hybridizes on Southern blots specifically to 4.3 kb, 6.4 kb, and 7.8 kb Bam HI/Eco RI fragments containing genes 14. 1, 16.1, and 16.2, respectively. Chang and co-workers (1986) had seen a similar hybridization pattern for genomic DNA using a J16.1 DNA probe, but did not further characterize the unidentified cross-hybridizing fragment at 7.8 kb, which we know from our work contains gene
16.2.
The gene 14./-specific probe is a 0.8 kb Pst I fragment isolated from cosmid Hu)~18 (Fig. 1 B) . A probe specific for gene 16.2 was not produced despite extensive searching.
The Not I site-specific clone EN73 was isolated from a Not I/partial Sau 3AI library (McDermid et al. 1989) constructed from a hamster/human hybrid with chromosome 22 as the only intact human chromosome (Ledbetter et al. 1990) . EN73P is a 0.9 kb Not I/Xba I fragment from an 11.8 kb phage clone and was found to map to the proximal side of a Not I site in the EN73 clone (McDermid et al. 1993) . To obtain a probe from the distal side of the Not I site (EN73D), a phage clone which crossed the Not I site (EN73-8a) was isolated from a normal library. EN73D is a 0.3 kb Pst I/Sac I fragment from a 2.0 kb Xba I/Sac I subcloned fragment (pGEM3Z; Promega, Madison, WI) from that phage clone (Fig. 1 C) .
The C)~ probe is a 2.5 kb Bgl II fragment from an 8 kb Eco RI fragment subcloned into pBR322 (p)~8; Tsujimoto and Croce 1984) .
It contains the C9~2 (1GL-C2) gene of the IGL gene locus.
The BCR probe is a 0.45 Eco RI/Pst I fragment from a BCR-ABL cDNA. The fragment is from the 5' end and contains only BCR sequences (Shtivelman et al. 1985) . The BCR locus is involved in the (9; 22) CML chromosomal translocation and the bcr gene was recently described to encode a GTPase-activating protein (Diekmann et al. 1991) .
Description of somatic cell hybrids. Genomic DNA samples were obtained from cell hybrids AA2, , and were generously provided by K. Huebner (Wistar Institute, Philadelphia, PA). These hybrids were previously described (Bauer et al. 1988) . 
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Fig GM10888 is a human/hamster hybrid containing a normal chromosome 22 as its only human component. D6S5 is a normal human mouse fusion which spontaneously lost the distal long arm of chromosome 22. It retains the IGL locus but is negative for plateletderived growth factor 13 (PDGFB) distal at q12.3-q13.1 (Croce et al. 1987) . The human/hamster hybrid cell line c14 has a constitutional t [(11;22 )(q23;ql 1)] retaining the der(22) as the only relevant human chromosome. Both c11-1 and A3W2-3B are independent human/hamster hybrid cell lines made from a human ES cell line which contained the t[(11;22)(q23;ql 1-q12)] and retains der(11) as the only relevant human chromosome. RAJ5BE is a human/hamster hybrid cell line containing the der(21) of an atypical CML translocafion between chromosomes 21 and 22 (Stewart et al. 1988) . RJK88 is the parental hamster cell line for some of the hybrids. Parts of this panel have been previously described McDermid et al. 1989 ).
Description of cell lines used in PFGE. Cell line 1788 (ATCC, Rockville, MD) is an IgM)~-secreting B cell line, reported by ATCC to be hemizygous for either chromosome 21 or 22. We believe 1788 contains only one chromosome 22, as it had only one Ig% rearrangement and no germline CA1 (IGL-C1) fragment when hybridized with an IGL-C1 intron probe (B. Blomberg, unpublished observations), and would be consistent with the ATCC data indicating the absence of one chromosome of either 21 or 22.
Cell lines GM5565 and GM3657 are a normal fibroblast and lymphoblastoid line, respectively (Human Genetic Mutant Cell Repository, Camden, NJ). An aliquot of GM3657 cells (LA) was treated with 2 p-M 5-azacytidine for several weeks prior to harvest for DNA. The light chain produced by GM3657 is not known.
Southern blot analysis of hybrid panels. Five to 10 ~tg of hybrid or cell line DNA was digested to completion with Barn HI and Eeo RI according to the manufacturer's directions. The digested DNA was electrophoresed on 0.8% agarose gels and blotted to nitrocellulose or nylon membrane filters according to the method of Southern (1975) . The )~L DNA probe was labeled by the random primer technique (Feinberg and Vogelstein 1983) with 32p o~dCTP (Dupont NEN Research Products, Boston, MA) to a specific activity of 5 to 10 × 108 cpm/~tg DNA and hybridized to the filters for 12 to 16 h at 42 ° C with 50% formamide. The filter was then washed using stringent conditions (2 x standard sodium citrate (SSC), 0.1% sodium dodecyl sulfate (SDS) followed by 0.1 x SSC, 0.1% SDS at 50 ° C) and exposed to X-ray film at -70°C overnight or as necessary (approximately 1 -10 days).
PFGE. DNA inserts for PFGE, with the following modifications, were prepared similarly to the technique used by Smith and co-workers (1988) . Severn cubic centimeters of frozen normal kidney tissue were ground to a fine powder using a chilled mortar and pestle. The material was resuspended in cold 1 x phosphate buffered saline (PBS) and filtered twice through sterile gauze. Alternatively, cultured fibroblasts and lymphoblastoid lines were used. The resulting cells were centrifuged three times at 3000 rpm for 10'. Both sources typically yielded between 1-2 x 108 cells. After the last centrifugation, the pelleted cells were resuspended to approximately 2-5 x 107 cells/ml in cold L buffer (0.1 M ethylenediaminetetraacetate (EDTA) pH 8.0, 0.01 M Tris-HC1 pH 7.6, 0.02 M NaC1). The cells were then warmed to 42 ° C, mixed 1:1 with molten 1% Incert agarose (FMC Bioproducts, Rockland, ME), and pipetted into a BioRad (Richmond, CA) plug casting mold. After refrigeration for 2 h, the plugs were scooped into 30 ml of L buffer containing 0.5 M EDTA, 1 mg/ml Proteinase K (Boehringer Mannheim, Indianapolis, IN) and 1% N-Lauroyl sarcosine (Sigma, St. Louis, Me) and incubated overnight at 50°C with gentle rocking. This process was repeated in a reduced volume of 20 ml. Afterward, the plugs were washed twice in 100 ml of TE pH 7.6 containing 40 p-g/ml phenylmethylsulfonylfluoride (PMSF; Research Organics, Cleveland, OH) for 1 h at 50 ° C. The plugs were finally washed in TE pH 7.6 overnight at 4 ° C. Double digests used to align the different enzyme maps were performed consecutively with TE washes in between to remove the first enzyme and its buffer.
Approximately 100 gl of plug was preincubated in 1 rnl of 1 x restriction buffer for 30 min at 4°C followed by digestion in new 1 x restriction buffer (300 p.1) containing 100 p-g/m] bovine serum albumen (Gibco BRL, Gaithersburg, MD) and 60 units of restriction enzyme for 12-16 h at 37 ° C. Alternatively, plugs were preincubated in the presence of 10 units of enzyme at 4°C for several hours to allow diffusion. A further 10 units was then added followed by overnight digestion at the recommended temperature. Plugs were washed in 2-15 ml of 0.5 x tris-borate (TBE) pH 8.0 prior to electrophoresis. Electrophoresis was performed using 1% agarose and 0.5 x TBE. All gels were electrophoresed at 10-15°C in a CHEF DRII system (BioRad). The voltage, running times, and pulse switch times are indicated for each figure. Southern blots of PFGE gels were done essentially as performed for the hybrid panels, except that in some cases hybridization was performed without formamide at 65 ° C and washed in 0.2 x SSC/0.2% SDS at 65 ° C. lanes on a 1.5% Fastlane agarose gel (FMC Bioproducts). The gel was electrophoresed at 200 V for 16.7 h using a 20 s switch time followed by 23.5 h using a ramped switch time of 20-50 s. After electrophoresis, the gel was cut vertically in half and one-half was blotted. After transfer and hybridization with the LL DNA probe, the resulting autoradiograph from the blotted gel was overlaid on the unblotted gel to locate the four appropriate locations of the hybridizing fragments which were then excised.
Pme I~ot I PFGE. DNA plugs of cell line 3657 were digested with Pme I or Not I and two identical lanes of each were subjected to PFGE. The gel was electrophoresed at 200 V for 24 h using a ramped switch time of 1-20 s. After electrophoresis, agarose slices were taken from one lane for each enzyme in areas corresponding approximately to where the IGLL genes migrated on the gel, based on the ethidium bromide-stained marker lane ()~ concatamers). The gel holes were filled in with agarose, vacuum blotted to a nylon filter, and subsequently hybridized to the )~L probe. Intact lanes gave the expected hybridization bands adjacent to non-hybridizing gaps in the excised lanes, indicating that excision was precise.
PCR amplification of gel fragments. PFGE fragments were separately amplified by PCR using the Gene-Amp Kit (Perkin Elmer, Norwalk, CT) with IGLL gene-specific primers codl6.1 [5'-TATCTGGGAATCTTGACGGT-3'] and c3pall [5"-GAGA-GACCCCTCCCCTGGGA-3]' for 5 cycles (94°C 1'35", 50°C 2', 72 ° C 2') plus 35 cycles (94 ° C 1'35", 55 ° C 2', 72 ° C 2') and a 10 rain extension at 72°C in a Coy Thermocycler (Coy, Ann Arbor, MI). The region of the DNA sequence of primer codl6.1 was chosen because it is conserved among the IGLL genes and is highly distinct from the IGL-C genes (7, 6, 6, and 6 differences with IGL-C1, 2, 3, and 7, respectively; Bauer and Blomberg 1991 Figure 2 for primer locations and restriction enzyme sites). The digested PCR products were then electrophoresed on 1.5% agarose mini-gels, blotted to nitrocellulose, and hybridized to an IGLL gene primer c-codLLs [5'-TGAA-CATTCTGCAGGGGCCA-3']. The c-codLLs oligonucleotide probe was endlabeled with 3217 7ATP (ICN) using T4 polynucleotide kinase to a specific activity of 5 × 10 s cpm/gg DNA. The filter was prehybridized in a solution of 0.9 M NaC1, 0.09 M Tris-HC1 pH 7.4, 0.006 M EDTA pH 8.0, 0.5% NP40, 2 x Denhardts, 0.2% SDS, and 100 gg/ml denatured salmon sperm DNA for 4 h. The prehybridization solution was removed and fresh solution was added with 1 x 106 cpm/ml DNA probe. The probe was hybridized to the filter approximately 16 h at 55 ° C (7°C below the calculated TD). The filter was then washed three times with 4 x SSC, 0.1% SDS at 55°C, and exposed to X-ray film at 70°C for as long as necessary (approximately 1 -10 days). (Fig. 2) showed more sequence identity (94%) to genes 14.1 and 16.1 than to the IGL genes (86%), and thus 16.2 was concluded to be a new IGLL gene. The restriction maps of these cosmids also revealed that genes 14.1 and 16.2 were separated by more than 30 kb of DNA, based on the more than 15 kb flanking sequence contained in each cosmid clone, which had distinct restriction enzyme sites. The distances separating the IGLL genes are in contrast to those of the IGL gene complex, where each IGL-JC gene is separated from another IGL-JC gene by typically no more than 5 kb (Hieter et al. 1981; Udey and Blomberg 1987; Vasicek and Leder 1990; Bauer and Blomberg 1991; Combriato and Klobeck 1991) . Mapping of the cosmid clones also revealed the presence of possible CpG-rich islands. CpG-rich islands are associated with the transcription start of housekeeping genes and have been recently found to be associated 40% of the time with the transcription start of tissue-specific genes (Larsen et al. 1992) . In addition, Larsen and co-workers (1992) found these islands to be associated with promoter regions and some enhancers 3' of expressed genes. A potential CpG-rich island containing Eag I and Sst II sites within 200 base pairs (bp) of one another was found 5' of gene 16.2 in HUM7, and a cluster of five CpG-rich enzyme sites within a 500 bp stretch of DNA was found 3' of gene 14.1 in cosmid Hu)~18 and may also represent a CpGrich island (see Figures 1 A, B) . We are currently investigating whether these sites may be potential enhancer sites and involved in gene expression.
Chromosome mapping of IGLL genes.
A series of experiments were undertaken to determine the chromosomal location and distances separating the IGLL genes in order to gain insight into the potential function, regulation of expression, and evolutionary origin of these genes. Chang and co-workers (1986) first proposed that the human IGLL genes resided on chromosome 22. They re-examined hybrid panels used by McBride and co-workers (1982) to localize the IGL genes to chromosome 22 and found no discordance between the IGL genes and the IGLL genes (Chang et al. 1986 ). However, Chang and co-workers (1986) were also unable to detect discordance for the processed lambda pseudogene, 2~1, which has 79% identity to IGL-C3 and was previously shown not to reside on chromosome 22 . Furthermore, Mattei and co-workers (1991) hybridize to three different IGLL genes, it was unclear whether all three genes were located at this area of hybridization.
To address more precisely the location of these genes, to see whether they were clustered, and to use an additional approach to the in situ studies, Southern blots of genomic DNA isolated from several somatic cell hybrids were performed using the )~L DNA probe (see Figure 1 for probe location). Localization of all three IGLL genes to chromosome 22 was confirmed by hybridization to DNA of cell line GM10888 (data not shown) which contains chromosome 22 as the only human component. Genes 16.2, 16.1, and 14.1 were present within Bam HI/Eco RI-digested DNA fragments of 7.8, 6.4, and 4.3 kb, respectively. Analysis of the hybrid panels revealed that all of the IGLL genes map distal to the IGL genes and proximal to the ES breakpoint at the 22ql 1.2/22q12.1 boundary. This conclusion was based on the absence of a hybridization signal to somatic cell hybrid 260-3-12-3, which retains the proximal portion of chromosome 22 above the CML breakpoint as well as to hybrids c11-1 and A3W2-3B, which contain the portion of chromosome 22 distal to the ES breakpoint.
Finer mapping of the three genes was provided by the somatic cell hybrid line RAJ5BE, which contained only the 16.1 gene, as demonstrated by a 6.4 kb hybridizing band. The RAJ5BE breakpoint is located between the BCR (CML) and ES breakpoints. A summary of the somatic cell hybrid mapping data is shown in Figure 3 . Thus, all three IGLL genes map to 22q11.2 and are ordered as follows: BCR -14.1 and 16.2 -RAJ breakpoint -16.1 -ES breakpoint.
PCR analysis of cell line 1788 PFGE Eag I fragments reveals that genes 14.1 and 16.2 reside together on a 210 kbfragment.
To determine the location of the IGLL genes in relation to one another, DNA plugs from cell line 1788 were digested with Eag I, Mlu I, Not I, and Sst II, and subjected to PFGE. The Eag I digestion pattern seen for 1788 in Figure 4A was intriguing in that four bands were visible and suggested the possibility of a fourth IGLL gene. To determine whether this was the case, gel slices corresponding to the hybridizing fragments in the 1788 Eag I digests were isolated and subjected to amplification by PCR using an IGLL genespecific primer (see Materials and methods). Each of the three lower Eag I bands at 120 kb, 90 kb, and 45 kb were found to contain a single IGLL gene, either gene 16.2, 14.1, or 16.1, respectively (Fig. 4B) . The top band at 210 kb, however, gave a PCR digestion pattern indicative of the presence of both genes 14.1 and 16.2. Therefore, this 210 kb fragment contains an Eag I site which partially digests to produce the lower fragment sizes of approximately 120 kb and 90 kb containing genes 16.2 and 14.1, respectively. Five different PFGE blots with Eag I digestions all showed the four bands and confirmed the partial digestion by Eag I. These experiments then definitively map the 14.1 and 16.2 genes to a 210 kb Eag I fragment. Hybridization of the same blot with the gene 14.1-specific DNA probe confirmed the localization of this gene to the 210 and 90 kb bands (data not shown).
Eag I digestion of DNA from a fibroblastoid line (GM5565) and a second lymphoblastoid line (GM3657) showed fragment sizes different from the 1788 cell line hybridizing with the )~L probe (data not shown). The IGLL gene-specific probe revealed bands of 95, 120, and 145 kb, with a weak partial digestion band at 180 kb. The gene 14.1-specific probe hybridized to the 145 and 180 kb bands. This discrepancy is most likely due to methylation differences in cell line 1788, because when GM3657 is grown in the demethylating agent, 5-azacytidine, the patterns of hybridization with the /~L-and 14.1-specific probes resemble more closely that of 1788 (results not shown). Nevertheless, the PCR analysis with line 1788 shows that genes 14.1 and 16.2 are no more than 210 kb from each other.
Long range mapping of C)~, BCR, and 14.1.
A longrange restriction map was produced showing the relationship of IGL-C and BCR 10ci to the IGLL gene 14.1, for which a gene-specific probe was prepared. The Not I site-specific probes EN73P and EN73D hybridized to contiguous Not I fragments of 400 kb and 210 kb, respectively. The 14.1-specific probe also hybridized to the 210 kb Not I fragment, as did the )~L probe (data not fragments. DNA plugs from normal GM5565 fibroblasts (F), GM3657 lymphoblastoid cells (L), and GM3657 lymphoblastoid cells grown in 5-azacytidine (LA) were digested with either Asc I or Nru I (NEB). PFGE was performed at 75 V using a switch time of 600 s for 145 h. After transfer to Gene Screen Plus (Dupont NEN), the filter was probed with C)~, then stripped of probe and rehybridized to 14.1. Sizes are averages determined from several independent gels. The sizes given here are approximate and averages determined from multiple independent gels are finalized in Figure 6 A. With both enzymes, C'L and 14.1 hybridize to contiguous fragments, as judged by common hybridization to partial bands.
shown). PCR analysis of the excised 210 kb fragment again revealed the presence of both the 14.1 and 16.2 genes (data not shown). Because the recognition sequence of Eag I is contained within that of Not I, the 210 kb Eag I band described above and the 210 kb Not I band are presumably identical fragments. The BCR probe hybridized to the 400 kb Not I fragment. All three probes identified the same 600 kb Asc I fragment, as well as a partial fragment of 930 kb in the lymphoblastoid cells (L; Figure 5 ). The C)~ probe hybridized to an Asc I fragment of 270 kb, plus the same lymphoblastoid-specific 930 kb partial fragment ( Figure 5 ; confirmed on two independent blots). In this case, 5-azacytidine (lane LA) did not change the methylation pattern of the region. Thus, the approximately 930 kb partial fragment must represent the addition of the 270 kb and 600 kb fragments, making them contiguous on the chromosome. Therefore, we have physically linked the IGL-C genes and the IGLL genes 14.1 and 16.2. The internal Asc I site on the 930 kb fragment is fully digested in the fibroblast but only partially digested in the lymphoblastoid line. DNA digested with Nru I also revealed the physical linkage of IGL-C, BCR, and 14.1. Lymphoblastoid DNA (GM3657) gave a 1030 kb band when probed with C)~, whereas fibroblast DNA (GM5565) gave a major band of 1300 kb (Fig. 5) . Previous experiments have shown that this difference may be due to tissuespecific methylation, as GM3658 fibroblast DNA (from the same individual as lymphoblastoid GM3657) shows the 1300 kb band (data not shown). BCR and EN73P both gave an identical hybridization pattern to C)~. Probe 14.1, however, hybridized to a 250 kb fragment with lymphoblastoid DNA and a 1300 kb fragment with fibroblast DNA. This indicates that the 1300 kb fragment represents the addition of the 250+1030 kb fragments, with the middle site unmethylated and therefore available to enzyme digestion in lymphoblastoid cells but not fibroblasts. A faint band below the 1300-1350 kb fragment in the flbroblast lane probed with C)~ (about 1250 kb) represents a second, partially digested, Nru I site (at the dot without a letter) within the large Nru I fragment (Fig. 6 A) . all map to a common 210 kb Not I fragment, with EN73D being the most proximal of the three. To determine the order of 14.1 and 16.2 within the Not I fragment, fibroblast (GM5565) and lymphoblastoid (GM3657) DNA were digested with a number of rare-cutting enzymes that tend to give fragments below 200 kb. Three independent Southern blots of the digests were then probed with EN73D, 14.1, and A,L. Hybridization patterns were compared to detect overlap between the probes. For enzymes Eag I, Bss HII, Pac I, Sma I, Sfi I, and Cla I, the bands produced by EN73D were different from those produced by the IGLL gene probes. Using Pme I, however, there was overlap: EN73D hybridized to a 100 kb band as well as a faint 255 kb partial fragment in lymphoblastoid cells (Fig. 7) . The 14.1-specific probe showed a similar pattern. The presence of the lymphoblastoid-specific partial fragment in each case makes comigration of two independent bands an unlikely explanation for these results. The )~L probe also revealed these bands as well as additional bands at 150 kb and 70 kb, which PCR analysis confirmed as representing the 16.2 and 16.1 genes, respectively (data not shown, but performed as previously in Figure 4B) (Fig. 7) . PFGE analysis with Pine I reveals that 14.1 maps proximal to 16.2. DNA plugs from normal fibroblast line GM5565 (F) and norreal lymphob]astoid line GM3657 (L) were digested with Pine I (NEB). PFGE was at 200 V using a ramped switch rime of 5-35 s for 24 h. After blotting to Gene Screen Plus, the membrane was consecutively hybridized and stripped, using the probes as shown. Sizes are averages determined from three independent gels. EN73D and 14.1 hybridize to a 100 kb band as well as the 255 kb partial band. PCR data indicate that gene 16.2 is present in the 150 kb band. Therefore, 14.1 maps closer to EN73 than 16.2. The 1GLL 70 kb band represents gene 16.1. The faint 55 kb band of EN73D probably represents cross-hybridization to a locus located elsewhere. The M, DNA probe is designated )~-like in this Figure. the probes must be , moving from proximal to distal. Figure 6A shows the long range map of the area. The map can be oriented on the chromosome, since C~ is known to be proximal to BCR (Emanuel et al. 1986 ). Gene 14.1 can be localized within the approximately 20 kb overlap between the 250 kb Nru I fragment and the 100 kb Pine I fragment. It is thus located immediately distal to the Nru I site digested in the lymphoblastold cells but not the fibroblasts. We have localized an Nru I site within our cosmid clone of gene 14.1, Huk18, within 0.2 kb 5' of exon 1 (M. Donohoe and B. Blomberg, work in progress). As the 14.1 probe hybridizes upstream (5') of this Nru I site, our placement of the Nru I site also determines the orientation of the 14.1 gene on chromosome 22 as 3' proximal (exon 3) and 5' distal (exon 1). The Pine I site could not be detected within Hu~,18 and therefore the precise distance between the Nru I and Pine I sites cannot be determined at this time, but it is at least 14 kb.
The map indicates that 14.1 is 670 kb distal to a sometimes methylated Not I site adjacent to the IGL-C locus. This Not I site digests in fibroblasts and 5-azacytidine-treated lymphoblastoid cells, but not untreated lymphoblastoid cells. We have identified a Not I site within our cosmid clone Hu~ 12.1 which contains IGL-C7, a transcriptional enhancer and flanking sequences B. Blomberg, unpublished da-ta) . This Not I site in Hu)~ 12.1 lies about 2 kb 3' of IGL-C7 and 9 kb 5' of the enhancer and is presumably the Not I site adjacent to the IGL-C region on the map (Fig. 6A) . Thus we have precisely mapped the distance between the most 3' IGL-C gene, IGL-C7, and gene 14.1. Gene 14.1 is 670 kb distal to IGL-C7 and in the opposite orientation and gene 16.2 is 690 to 830 kb distal to IGL-C7.
A summary of the locations of the IGL genes on chromosome 22 is given in Figure 6B . Long-range mapping of the region between the IGL locus and the ES breakpoint has located pseudogene 16.1 as being 2350-2480 kb distal to C)~7, or 1660-1810 kb distal to 14.1 (McDermid et al. 1993 ). The 14.1, 16.2, and 16.1 genes have been designated IGLL1, 2, and 3, respectively, to denote their proximal to distal locations on chromosome 22 and in agreement with the Genome Data Base nomenclature. The IGLL genes had also been referred to previously as IGLL (Emanuel et al. 1991) .
Discussion
The human Ig)~ light chain constant regions are encoded by a cluster of seven genes (Hieter et al. 1981; Udey and Blomberg 1987; Vasicek and Leder 1990; Bauer and Blomberg 1991; Combriato and Klobeck 1991) . Three of these light chains, Mcg, Ke-Oz-, and Ke-Oz +, were determined to be encoded by IGL-C1, IGL-C2, and IGL-C3, respectively (Hieter et al. 1981) , and were determined to have a JC-JC-JC organization (Udey and Blomberg 1987) as previously determined for the mouse Igl locus (Blomberg et al. 1981; Selsing et al. 1982) . More recently, we have discovered a fourth, transcriptionally active, JC~7 or IGL-JC7 gene and have determined that JC)~6 or IGL-JC6 is a pseudogene (Bauer and Blomberg 1991) , as are JC)c4 and 5 (Vasicek and Leder 1990) . The ~, light chain gene cluster was identified by Erickson and co-workers (1981) and McBride and co-workers (1982) as residing on chromosome 22 through the use of somatic cell hybrid panels that retained characteristic Eco RI fragments containing these genes. Chang and co-workers (1986) found two additional genes related to the IGL genes with open reading frames for the J and C exons, which were then named the )~-like (now IGLL) genes, 14.1 and 16.1, but no further information on their expression or function was reported at that time. Another gene described by Chang and co-workers (1986) Hollis and co-workers (1989) and Schiff and co-workers (1990) (Bauer and Blomberg, manuscript in preparation) . Through re-examination of the somatic cell hybrids of McBride and co-workers (1982) , Chang and co-workers (1986) had proposed that these IGLL genes also resided on chromosome 22. This proposition was further supported by the work of Mattei and co-workers (1991) who used in situ hybridization to identify an area 3' of the CML breakpoint -a breakpoint distal to the IGL genes -that hybridized to their IGLL genespecific probe. However, these results gave neither the relative order of the IGLL genes nor their precise locations.
To map more precisely the location of all three IGLL genes, 14.1, 16.1 (Chang et al. 1986 ), and 16.2 (Bauer and Blomberg 1990) , we examined DNA samples obtained from previously characterized somatic cell hybrids for the presence or absence of these genes. Hybrids containing acute lymphocytic leukemia and CML breakpoints in the BCR cluster allowed mapping of these genes distal to these breakpoints. Similarly, hybrids containing ES-derived chromosomes showed these genes to be located proximal to this breakpoint. Additionally, hybrid RAJ5BE which contains a breakpoint between the BCR and ES breakpoints (Delattre et al. 1991) split the IGLL genes. The three breakpoints allowed an ordering of the IGLL genes, which from the centromere to the telomere on chromosome 22ql 1 is: BCR > (14.1, 16.2) > RAJ > 16.1 > ES. This part of our study was preformed concurrently by Bossy and coworkers (1991) who also used somatic cell hybrid panels to map the IGLL genes and those results, independently performed, are consistent with the results summarized by us. However, Bossy and co-workers (1991) 1620 -1760 kb (McDermid et al. 1993 .
We have also identified CpG islands which may be important in the gene activity of one or both of the 14.1 and 16.2 loci, as these islands are characteristic of various housekeeping genes and tissue-specific genes (Lindsay and Bird 1987) . The putative 14.1 CpG island is located about 7 kb 3' of exon 3. This island may be involved in transcriptional regulation, since a homologous region in mouse )~5, Igll, contains several DNAse hypersensitive sites (Yang and Blomberg, unpublished results). The first enhancer found for the Kudo et al. 1987b ). The mouse Igl-C genes: m)~l exon 2 (Bernard et al. 1978; Arp et al. 1982) , rnX2,3,4 (mX4 is a pseudogene), exon 2 (Blomberg and Tonegawa 1982) , m) ~1,2,3,4, exon 3 (Selsing et al. 1982) . The haman pseudogenes ~18.1, )~4, and L5 have major deletions within exons 2 or 3, which would affect tree similarity calculations and therefore were not used in this analysis.
human IGL is also 3' (11.7 kb) of the 3'-most gene, IGL-C7 . We have found that the Not I site, immediately 3' of IGL-C7, and 9 kb 5' of the IGL-C transcription enhancer (11.7 kb 3' of IGL-C7; Blomberg et al. 1991 The mapping studies of the human IGL gene locus and IGLL genes presented here allowed comparisons between humans and mouse. In humans, the IGL-C region genes and the IGLL genes reside more than 600 kb apart. Similarly, PFGE studies in mice by Storb and co-workers (1989) revealed that the Igll gene, L5, resides more than 175 kb distant from the Igl-C gene segments, although it is unclear from their report whether the )~5 gene is proximal or distal to Igl-C. In addition, one of the mouse VpreB genes, Vpreb-1, coordinately expressed with L5 in mouse pre-B cells, resides only 4.6 kb upstream of )~5 and may utilize the same promoter for Vpreb-I and )~5 (Kudo et al. 1989) , whereas the human homologue, VPREB1, resides more than 420 kb proximal (upstream) to IGL-C. The other expressed mouse VpreB gene, Vpreb-2, has neither been mapped nor further characterized (Fig. 2) . At the DNA level, gene IGLL2 has 94.1% sequence similarity within its exon 3 region to IGLL1, whereas gene IGLL3 has 96.3% similarity to gene IGLLI. The IGL and IGLL genes were compared for their sequence identities within exon 2 and exon 3 separately and are shown as tree diagrams in Figure 8 . Most of the IGL-C (exon 3) regions were previously compared (Hayzer 1990; Vasicek and Leder 1990) . Our comparison here includes exon 2 as well as exon 3 of human and mouse IGL and IGLL genes. Exon 3, which includes the C portion of IGL genes, had high similarity for both gene sets and probably reflects the conservation necessary for the light chain (or surrogate light chain) to bind the heavy chain, i. e., there is no differential evolutionary pressure on the IGL and IGLL Ig-like domain. The evolution of exon 2 shows striking differences from that of exon 3. The IGL genes use only part of exon 2, expressed as the J (joining) portion, whereas the IGLL genes have a larger exon 2, including an additional sequence approximately 90 bp upstream of the IGL J region. When comparing the exon 2 sequences, it is clear that the IGLL genes, [mouse )~5, (m2~5) IGLL1, 2, and 3] and the exon 2 upstream of IGL-C1 are most closely related, perhaps reflecting a selection in the IGL-C genes (IGL other than human IGL-C1) away from the conserved sequence seen in exon 2 for the IGLL genes. This observation may be explained, as IGL, but not IGLL genes, undergo DNA rearrangement during B cell development by maintaining consensus nonamer and heptamer recombination sequences 5" of the J sequence, whereas the IGLL genes do not.
In comparing the m)~5 with human IGLL genes, exons 2 and 3 show similar sequence identity: exon 2 shows 71%-73% identity to the IGLL, whereas exon 3 has 72%-74% identity. Therefore, no apparently different evolutionary pressures were operative on exons 2 and 3 for the IGLL genes during the time of evolution, at least from mouse to humans. These data suggest that there was a common evolutionary ancestor for the human and mouse IGLL genes. In contrast, interesting differences can be seen between exons 2 and 3 in comparing m)~5 with human IGL-C1 and IGL-C7, where exon 2 shows 78% identity to IGL-C1 but only 59% identity to IGL-C7, while exon 3 shows 74% identity to both IGL-C1 and IGL-C7. This may indicate conservation of function associated with IGLL exon 2 in IGL-C1 but not ILG-C7, and is consistent with IGL-C1, but not IGL-C7, being transcribed with an IGLLlike exon 1. A similar mechanism may be operating in the mouse, where m)~5 exon 2 is more similar to Igl-C2 and Igl-C3 but m~,5 exon 3 is more similar to Igl-C1. In summary, exons 2 and 3 of IGL and IGLL genes separately appear to be evolutionarily conserved between man and mouse within their respective exons, as is seen with m)~5 and the human IGLL. However, these exons have diverged within their exon 2 regions as opposed to their exon 3 regions, reflecting possible different functions for these regions in the IGL and IGLL genes. The seemingly different selection operative on exons 2 and 3 may be related either to the ontogenetic transcription regulation of the 5' genes, dependent on the exon 2 or flanking region, and/or on the necessity of the IGL genes to use nonamer/heptamer sequences 5' of the J region for DNA recombination to the variable region.
